ABSTRACT 59Fe-labelled human lactoferrin was found to be preferentially ingested by mouse alveolar macrophages (MAM) when compared to 59Fe-labelled human transferrin. The cells bound and ingested 125I-labelled iron-saturated and iron-free lactoferrin. The latter was digested faster (ti=5-8 hours), however, than the iron-saturated compound (ti= 10-5 hours).
Lactoferrin (Lf), the iron-binding protein of bronchial and other external secretions, inhibits the growth of various bacteria by depriving them of iron (Masson et al, 1966a; Oram and Reiter, 1968; Bullen et al, 1972) . Recently we have shown that Lf has a particular affinity for peritoneal macrophages that possess a specific receptor for this protein (Van Snick and Masson, 1976) . After binding to the membrane of macrophages the protein is ingested by the cells where it persists for several hours (Van Snick et al, 1977) . Should such a mechanism operate in the airways it could enhance the bacteriostatic effect of Lf by constantly removing the iron-Lf complex. We have therefore examined alveolar macrophages to see whether they display the same affinity for Lf as peritoneal macrophages.
Materials and methods
Ideally, a study of the interaction of proteins and cells should be done with homologous material. The difficulty of obtaining sufficient amounts of both proteins and cells from the same species imposed on us the heterologous system of human Lf and mouse cells. Such a heterologous system was 'Supported by found suitable with mouse peritoneal macrophages (Van Snick and Masson, 1976; Van Snick et al, 1977) .
Cells
Mouse alveolar macrophages (MAM) were collected from lungs of unstimulated female mice of the outbred strain NMRI by 10 washings of the pulmonary tract with 1 ml of 0 9% NaCl and recovered by centrifugation at 200 g for 10 min at 40C. The mean yield was 2X 105 mononuclear cells per mouse. After resuspension in basal medium Eagle (BME) supplemented with 25% heat-inactivated newborn calf serum (FCS), penicillin (50 U/ml), and streptomycin (50 ,tg/ml), the cells were seeded in Linbro tissue culture plates and incubated for 1 h at 37°C in a 5% CO2 atmosphere. The adherent alveolar macrophages were then washed twice with BME without serum to remove lymphocytes and erythrocytes, and the cells were then incubated with the radioactive proteins in supplemented BME.
Reagents
Human Lf was purified in an iron-free form (ApoLf) from milk, by chromatography on carboxymethyl Sephadex (Querinjean et al, 1971 ). Human transferrin (Tf) was purchased from Behring Institut, Marburg/Lahn, W Germany.
Lf and Tf were labelled with 59Fe by mixing each protein with 59Fe citrate in the presence of bicarbonate. Labelling of ApoLf and FeLf with 125J was done by means of the chloramine-T procedure. The labelled proteins were separated from excess radioisotope by filtration through Sephadex G25.
Methods
After incubation with the radioactive proteins, the cells were successively washed with 2 ml and 1 ml phosphate buffered saline and counted. The cells were extracted with 0-1% Triton X-100 in distilled water, and the radioactivity was counted. The radioactivity of the wells that were in contact with the labelled proteins in the absence of cells was used as a blank and subtracted from the radioactivity of the cell-containing wells.
Results
Uptake of 59FeTf and 59FeLf by mouse alveolar macrophages-MAM were incubated with 0-62 nmol/ml of 59Fe bound either to Lf or to Tf (80% saturated). The cells were washed twice, and the radioactivity associated with the cells was counted.
With Lf, about 2X106 atoms of iron were associated with each cell after incubation for 2 h, and 5X106 after 20 h. With Tf, a linear uptake was observed reaching a total of 12X106 atoms of iron per cell after 20 h (fig 1) .
Uptake of 1251-FeLf and 125I-ApoLf-MAM were incubated with 125I-labelled FeLf and ApoLf at a concentration of 90 and 84 ,ug/ml respectively. Half-life of 125I-FeLf and 125I-ApoLf in MAM -MAM were incubated for 48 h with ironsaturated and iron-deprived '25I-Lf. The cells were then washed with BME containing 10% FCS and further incubated in a Lf-free medium. The radioactivity associated with the cells decreased exponentially (fig 3) . The half-life of FeLf (10-5 h) differed considerably from that of ApoLf (5- When the uptake curves of '25I-labelled ApoLf and FeLf were extrapolated to zero time the same amounts of these two forms of Lf were found associated with MAM (2 25X106 molecules per cell). This value was obtained at a Lf concentration of 100 ,ug/ml and correlated well with the value obtained from the 59FeLf uptake experiment using a Lf concentration of 22 ,ug/ml.
The patterns of the uptake curves were similar to those found with peritoneal macrophages. A difference was again seen between ApoLf and FeLf and could be explained by the shorter halflife of ApoLf (5 8 h) compared to that of FeLf (20-5 h). It has been shown in the experiments with peritoneal cells that the reduction of radioactivity observed after the cell washing was really caused by digestion and not by shedding from the membrane (Van Snick et al, 1977) . The constant parts of the uptake curves corresponded to the balance between the ingestion and elimination of radioactive material.
With FeLf, 6-4% of the radioactive iodine present in the cell at a given time left the cell after one hour. For ApoLf, the corresponding value was 11-3%. From (Spik and Montreuil, 1966) .
It has been shown that Lf and Tf inhibit the growth of bacteria by removing iron from the medium (Masson et al, 1966b; Bullen et al, 1972) . Hence, it is tempting to see, in the binding and endocytosis of Lf by macrophages, some relationships with the bacteriostatic activity of ApoLf. Two mechanisms could be envisaged. On the one hand, by picking up ApoLf, macrophages would augment their own internal antibacterial activity by lowering the iron level in the phagosomes. On the other hand, the elimination of FeLf by macrophages would prevent the release of metal from the complex after its digestion by proteolytic enzymes present in the secretion. The iron ingested by macrophages via Lf stays within cells in the form of ferritin. No release of iron from peritoneal macrophages was found 45 h after ingestion of FeLf (Van Snick et al, 1977) . It is also noteworthy that the avidity of FeLf for the membrane of peritoneal macrophages is higher than that of ApoLf. FeLf inhibited by 75% the binding of ApoLf whereas the latter inhibited the binding of FeLf only by 32% (Van Snick and Masson, 1976) . Because of this higher avidity of macrophages for the complex and also the higher digestion rate of ingested ApoLf, the second mechanism leading to iron removal from secretion and sequestration in macrophages seems more likely. 
